Stress susceptible (SS) and stress resistant (SR) purebred Hampshire swine, weighing approximately 100 kg, were utilized to study the effects of electrical stress on plasma creatine phosphokinase (CPK), blood pH, plasma lactic dehydrogenase (LDH), plasma glucocorticoids, rectal temperature, heart rate and respiration rate. Blood samples were obtained from jugular cannulas 15 rain and 5 rain pre-stress, and subsequently at 0, 5, 10, 15, 30, 60 and 120 min post-stress. The electrical stress (.05 amperes and 30 volts) was administered intermittantly (2 sec on and 1 sec off) directly on the skin at the point of the poll between the ears and on the medial side of the fore leg above the point of the elbow for a total stress time of 4 rain over a 6-rain period. Each pig was stressed three times with 3 days rest between stimulations. Post-stress responses (P<:01) were obtained over time for all the variables measured except respiration rate. Plasma CPK levels were greater (P<.01) for SS pigs at all the pre-stress and post-stress bleeding times. Thus, CPK may have value in differentiating between SS and SR pigs under standardized environmental (stress) conditions.
Stress susceptible (SS) and stress resistant (SR) purebred Hampshire swine, weighing approximately 100 kg, were utilized to study the effects of electrical stress on plasma creatine phosphokinase (CPK), blood pH, plasma lactic dehydrogenase (LDH), plasma glucocorticoids, rectal temperature, heart rate and respiration rate. Blood samples were obtained from jugular cannulas 15 rain and 5 rain pre-stress, and subsequently at 0, 5, 10, 15, 30, 60 and 120 min post-stress. The electrical stress (.05 amperes and 30 volts) was administered intermittantly (2 sec on and 1 sec off) directly on the skin at the point of the poll between the ears and on the medial side of the fore leg above the point of the elbow for a total stress time of 4 rain over a 6-rain period. Each pig was stressed three times with 3 days rest between stimulations. Post-stress responses (P<:01) were obtained over time for all the variables measured except respiration rate. Plasma CPK levels were greater (P<.01) for SS pigs at all the pre-stress and post-stress bleeding times. Thus, CPK may have value in differentiating between SS and SR pigs under standardized environmental (stress) conditions.
The SS pigs had marked post-stress decrease (P<.01) in blood pH compared to SR pigs, although pre-stress blood pH was similar for both groups of pigs. Pre-stress plasma LDH levels were similar for the SS and SR pigs while several post-stress levels were greater for the SS pigs. Plasma glucocorticoid levels were similar for the SS and SR pigs at all the pre-and poststress bleeding times. The SS pigs had a higher 1 Contribution from the Missouri Agricultural Experiment Station. Department of Animal Husband-(P<.05) overall mean rectal temperature compared to the SR pigs. Both the SS and the SR pigs had devated post-stress rectal temperatures. The heart rate of the SS pigs was higher at 0 rain post-stress compared to the SR pigs while both groups were similar at the other times. Respiration rates were similar for both groups. (Key Words: Swine, Stress Syndrome, Plasma Creatine Phosphokinase, Plasma Lactic Dehydrogenase, Blood pH, Rectal Temperature.)
INTRODUCTION
Pigs from certain genetic strains are unable to withstand many of the stresses frequently encountered in modern day pig production. Stress factors studied have included forced physical exercise, exposure to adverse environmental conditions, and psychological excitement (Judge et al., 1966) . Isaacs and Barlow (1973) have reviewed a condition in humans known as malignant hyperpyrexia and suggest it is synonymous with the stress syndrome in pigs. Evidence to date has shown that stress susceptible pigs subjected to various types of environmental stress have a marked depression of blood pH (Judge et al., 1972) with an elevation in rectal temperature (Aberle et aL, 1974) , heart rate, respiration rate and plasma levels of creatine phosphokinase (Jones et al., 1972a, b) , lactic dehydrogenase (Hessel-de Heer, 1969) and malic dehydrogenase .
Physiological or biochemical variables which would accurately differentiate between stress susceptible and stress resistant pigs would be extremely useful in selecting stress resistant pigs for breeding purposes. Reports indicate that the stress susceptible syndrome is transmitted genetically in humans (Hall et al,, 1966) and pigs (Jones et al., 1972a; Williams and Lasley, ry, Animal Science Research Center. 1977) . Breed differences have been reported for 446 JOURNAL OF ANIMAL SCIENCE, Vol. 48, No. 3 (1979) specific physiological variables in pigs (Judge et at., 1968; Eikelenboom and van den Bergh, 1973; Elizondo et al., 1976) . Data are lacking on the physiological comparison of stress susceptible and stress resistant pigs from within the same genetic lines, particularly in relation to the pre-stress comparison followed by the post-stress physiological response comparison over time.
The objective of this experiment was to compare the physiological response of the stress susceptible and stress resistant Hampshire pigs before stress and after electrical stress over time as evaluated by plasma creatin phosphokinase, blood pH, plasma lactic dehydrogenase, plasma glucocorticoids, rectal temperature, heart rate and respiration rate.
MATERIALS AND METHODS
Three stress susceptible (SS) and three stress resistant (SR) pure-bred Hampshire gilts, weighing approximately 100 kg were used to study the stress syndrome. Susceptibility of each Hampshire pig to stress was determined by the occurrence or lack of occurrence within family lines of the physical and physiological symptoms of stress as described by Topel et al. (1968) and Judge et al. (1972) .
The pigs were fed 2.3 kg of a diet daily containing 67% corn (4-02-931), 20% soybean meal (5-04-604), and 10% wheat bran (4-05-190) . The 16% protein diet was supplemented with trace minerals and vitamins to meet NRC (1973) requirements for swine. Water was provided ad libitum. The pigs were tethered in an environmentally regulated (21 C + 2 C) facility. A few weeks prior to the experiment a jugular cannula was surgically inserted in each pig to facilitate the drawing of blood with a minimum of stress. The cannula were brought under the skin to the dorsal medial plane slightly anterior to the shoulder. Each pig was given an intravenous injection (15 ml)of a 5% solution of sodium thiopental and then subjected to halothane anesthesia (2%). The SR pigs received the halothane anesthesia continuously for approximately 30 min during the surgery procedure, while the SS pigs received the halothane anesthesia on an intermittant basis during the surgery procedure, although no specific data were collected in regard to haloRadiometer of Copenhagen, Denmark. 3 Sigma Chemical Company, St. Louis, MO. thane sensitivity.
Each pig was stressed three times (3 separate days) with 3 days rest between the days of stress. On the day of stress the 15-min pre-stress blood sample and rectal temperature (RT) were taken while the pig was tethered in its pen (approximately 8 am). It was then walked 9 m to a restraining crate and secured in an elevated position prior to obtaining the 5-min prestress blood sample and the RT. Heart rate (HR) and respiration rate (RR) recordings were obtained with a polygraph starting 5 min pre-stress using a Type 1! attachment for HR.
The pig was then subjected to a 4-min electrical stress over a 6-rain period. An electrical stress of .05 amperes (AC) and 30.0 volts was administered intermittently (2 sec on, 1 sec off) with the use of a variable transformer. Two tin leads (5 cm 2) were applied to the skin with conductive cream at the point of the poll between the ears and the medial side of the foreleg directly above the point of the elbow, and secured in position with surgical tape. The duration and magnitude of the electrical stress administered was based on preliminary work with other SS and SR Hampshire pigs. This magnitude of electrical stress when administered for greater than 4 min produced either a fatal or near fatal stress response with the SS pigs. Each 2-see electrical pulse produced complete muscular contraction and limb extension. Immediately following the stress period, the 0-min blood sample and the RT, HR and RR were obtained. Subsequent blood samples and RT were taken at 5, 10, 15, 30, 60 and 120 min post-stress. Subsequent HR and RR were recorded only at 5, 10 and 15 min post-stress before the pig was removed from the restraining crate and retethered in the pen.
The blood samples (10 ml) were immediately placed in an ice bath during collection. Blood pH readings were immediately determined by use of a pH meter 2. The blood samples were then centrifuged and the plasma drawn off for creatine phosphokinase (CPK) and lactic dehydrogenase (LDH) analyses which were determined by a colorimetric procedure 3. Corticoid levels were determined using the Competitive Protein-Binding Assay (Neill et aL, 1967) with an average recovery of 78%.
The data were subjected to a split-split-plot analysis of variance which was similar to the split-plot experimental design used by Gill and Hafs (1971) . The statistical model (table 1) contained the main effects of type (stress susceptible or stress resistant pigs), time (nine bleeding times, two before and seven after stress as described above) and day (each pig was stressed on 3 different days). Also the interactions of type x day, type x time, day x time and type x day x time were tested for significance. Significance between means were tested using Least Significant Difference formulas (Snedecor and Cochran, 1967) .
RESULTS AND DISCUSSION
The electrical stress produced marked biochemical and physiological responses associated with changes in time (P< 01) following stress as indicated by the mean squares in table 1. The time trends for each variable are included in the following discussion on the comparison of stress susceptible (SS) and stress resistant (SR) pig types as influenced by electrical stress.
The SS pigs had greater (P<.01) levels of plasma CPK than the SR pigs at all pre-and post-stress bleeding times (table 2). The plasma CPK levels of the SS pigs generally increased following stress while the post-stress levels of the SR pigs were similar to the pre-stress levels with the exception of the increase from 60 to 120 min post-stress for both the SS and SR pigs. Our results indicate that plasma CPK levels may have practical value as a selection tool in identifying pigs afflicted with porcine stress syndrome when SS and SR pigs are compared simultaneously under standardized environmental conditions. Nelson et al. (1972) and Jones et al. (1972b) have suggested that plasma CPK may be used to differentiate between SS and SR pigs. A procedure has been suggested (Beermann et al., 1975) whereby a single plasma sample would be used to provide a representative estimate of CPK activity in swine. Addis et al. (1974) have reviewed the potential sources of error in blood enzyme work and concluded that CPK was one of the more stable blood enzymes which may be determined with valid laboratory procedures. However, it is difficult to conclude from the recent literature (Addis et al., 1974; Schmidt et al., 1974; Beerman et al., 1975 ) that plasma CPK levels were definitely assocated with porcine stress syndrome, since the individual live pigs used in those experiments were not categorized as SS or SR by any other documented physical or physiological criteria (Topel et al., 1968; Judge et aL, 1972) . The antemorturn serum CPK data obtained by Schmidt et al. (1974) showed considerable within-animal variation in plasma CPK levels when the blood samples were obtained via vena cava puncture or ear vein. In our experiment the blood samples were obtained from live pigs via the jugular catheter collection technique. The standard errors of the plasma CPK means were low for the SR pigs compared to the SS pigs, which was also associated with the greater plasma CPK means for the SS pigs at each of the pre-and post-stress blood sampling times (table 2). Our mean plasma CPK levels for SS pigs are within the range of values reported for crossbred market pigs by Schmidt et al. (1974) , although we obtained lower mean CPK levels for SR pigs. Our plasma CPK analytical procedure was the same as that utilized by Schmidt et al. (1974) .
The 15-and 5-min pre-stress blood pH values for both the SS and the SR pigs were similar. However, a sharp decline (P<.01)was obtained in blood pH (table 2) for the SS pigs compared to the SR pigs at 0 min post-stress. The blood pH levels remained below pre-stress levels for the SS and SR pigs until 60 and 10 min poststress, respectively. The blood pH overall means were lower for the SS pigs compared to the SR pigs. Topel et al. (1968) reported a lower blood pH for SS pigs compared to SR pigs. Judge et al. (1973) also obtained a decrease in blood pH of pigs following 30 min of treadmill excercise.
The pre-stress plasma LDH levels were similar for the SS and SR pigs. However, the SS pigs had greater (P<.05) levels of plasma LDH at O, 5 and 10 min post-stress compared to the SR pigs, which was also evident at 60 and 120 rain post-stress (P<.01). Post-stress plasma LDH means for SR pigs had returned to pre-stress levels by 10 min post-stress, while the poststress plasma LDH means for SS pigs had not returned to pre-stress levels by 120 min poststress. The SS pigs also had greater plasma LDH mean standard errors compared to the SR pigs. Hessel-de Heer (1969) reported that SS pigs had greater plasma LDH levels than SR pigs. Greater levels of LDH were associated with increased anaerobic muscle metabolism in tissue culture (Johansson, 1966) which indicates LDH is readily formed under anaerobic conditions.
There were no differences (P<.05) between the SS and SR pigs in plasma gIucocorticoid levels at any of the pre-or post-stress bleeding times, or the overall means (table 2). The 5-and 15-min pre-stress levels of plasma glucocorticoids for both the SS and SR pigs were consid- 
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~e ~~~ erably lower (P<.01) than the 0 to 60 min post-stress levels. The highest plasma glucocorticoid level was obtained 15 rain post-stress for both the SS and SR pigs. Sebranek et al. (1973) have reported that the adrenal response to ACTH injection is lower in SS pigs compared to SR pigs, which may be related to the inability of the SS pig to maintain homeostasis when exposed to a stress condition. Aberle et al. (1976) found that plasma cortisol concentration varied between the breeds and herds tested, but was independent of the individual pig's stress susceptibility status. Plasma catacholamine levels in pigs before and during exsanguination also appeared to be unrelated to the incidence of stress susceptibility (Althen et al., 1977) . The SS and SR pigs had 0 min post-stress increases in rectal temperature which continued to rise until the high temperature was recorded at 60 min post-stress (table 2) . Neither the SS nor the SR pigs had returned to pre-stress rectal temperature levels by 120 rain post-stress. The SS pigs had higher (P<.05) overall means compared to the SR pigs. Aberle et at. (1974) have also reported that SS pigs have greater increases in body temperature than control pigs during heat stress. Judge et al. (1973) found that treadmill exercise produced a more severe increase in rectal temperature than heat stress alone, although the combination of heat and treadmill exercise produced the greatest increase in rectal temperature. Clark et al. (1973) have postulated that accelerated substrate cycling of fructose-6-phosphate in the muscle is responsible for the increase in body temperature of SS pigs.
The SS pigs had an increased (P<.05) heart rate at 0 min post-stress as compared to the SR pigs (table 2), while both the SS and SR pigs had increased (P<.01) heart rates at 0 rain post-stress compared to the pre-stress heart rates. The SS pigs had slightly greater heart rates at the remaining pre-and post-stress HR recording times compared to the SR pigs. Respiration rate was similar for the SS and SR pigs (overall means of 39.4 + 2.9 and 41.6 -+ 1.9 / min, respectively). However, visual observation suggested that the SS pigs consumed more air as a result of deeper breathing compared to the SR pigs. Thus, oxygen consumption data would have been more meaningful than RR. Brooks and Campion et al. (1975) have reported that the specific cause of stress syndrome in pigs is not a mitochondria defect since normal respiration occurred in mitochondria isolated from SS pigs.
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